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(54) Fuel injectors 

(57) A duplex fuel injector has concentric arrange- 
ment of an inner air swirler 3. an inner fuel injection port 
1 3, an intermediate axial air fiimer 5, a second air swirler 
6, an outer fuel injection port 23 and an outer air swirler 


28. The intermediate air fiimer 5 produces a curtain of 
air separating an outer air and fuel spray from an inner 
air and fuel spray. The outer spray is used in a pilot com- 
bustion zone P whereas the innersprayis used in a main 
combustion zone M. 
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Description 

[0001] This invention relates to air blast fuel injectors 
of the type comprising inner and outer fuel injection 
ports, and first and second air swirlers associated with 
the inner and outer fuel injection ports to direct air and 
fuel sprays into inner and outer recirculation zones. 
[0002] A known air blast fuel injector comprises a con- 
centric arrangement of air and fuel injection ports 
through which air and fuel are injected so that a swirling 
cone of air meets a conical film of fuel and produces an 
annular spray. A simplex type of injector has a single 
fuel supply. A duplex type of injector has pilot and main 
fuel supplies, each of which is atomised by a corre- 
sponding swirl of air. For example, a known duplex air 
blast fuel injector comprises a concentric arrangement 
of an inner air swirler. a pilot fuel filmer, an intermediate 
air swirler, a main fuel fiimer and an outer air swirler. 
This arrangement claims to produce a pilot spray in an 
inner recirculation or combustion zone and a main fuel 
spray in an outer recirculation or combustion zone, but 
performance and stability tests indicate that the main fu- 
el spray is not independent of the pilot fuel spray. The 
position of the pilot zone internally of the main zone may 
make it difficult to ignite reliably. 

[0003] It is an object of the invention is to provide a 
alternative duplex air blast fuel injector. 
[0004] According to one aspect of the present inven- 
tion there is provided an air blast fuel injector of the 
above-specified kind, characterised in that the outer 
zone is arranged to be a pilot combustion zone and the 
inner zone is arranged to be a main combustion zone. 
[0005] Preferably, the first air swirler is located inside 
the inner fuel injection port, the second air swirler is lo- 
cated inside the outer fuel injection port and the injector 
includes an intermediate air filmer located between the 
inner fuel injection port and the second air swirler ar- 
ranged to produce an intermediate curtain of air sepa- 
rating the air and fuel mixtures in the two zones. 
[0006] According to a second aspect of the present 
invention there is provided an air blast fuel injector com- 
prising inner and outer fuel injection ports, and first and 
second air swirlers associated with the inner and outer 
fuel injection ports to direct air and fuel sprays into inner 
and outer recirculation zones, characterised in that the 
injector includes an intermediate air filmer between the 
inner and outer fuel- injection ports arranged to produce 
an intermediate curtain of air separating the air and fuel 
mixtures in the two zones. 

[0007] The intermediate air filmer is preferably locat- 
ed between the inner fuel injection port and the second 
air swirler. The intermediate air filmer is preferably an 
axial air filmer. The intermediate air filmer may be ar- 
ranged to produce a low swirl compared with that of the 
inner air swirler. The fuel injector may include an outer 
air swirler located outside the outer fuel injector. The in- 
ner fuel spray is preferably arranged to have an angle 
of substantially 90° and the outer fuel spray is preferably 
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arranged to have an angle of substantially 140°. 
[0008] The invention will now be described by way of 
example with reference to the accompanying drawings, 
in which. 

Figure 1 is a section through an air blast injector ac- 
cording to the invention; 

Figure 2 is a front elevation of the injector of Figure 1 ; 

Figure 3 is a diagrammatic view of the injector of Fig- 
ure- 1 fitted in the combustor of a gas turbine 
engine showing the flow pattern of the injec- 
tor sprays; and 

Figure 4 is a graph of fuel flux measurements made 
in the spray zones of the injector of Figure 1 


[0009] The illustrated injector 1 consists of a nozzle 2 
20 formed by a series of concentric components which de- 
fine an inner air swirler 3. an inner fuel filmer 4, an in- 
termediate axial air filmer 5, an outer air swirler 6, and 
an outer fuel filmer 7. 

[0010] The inner air swirler 3 comprises a tube 8 

25 formed with internal swirler blades 9 that .serve to swirl 
the air flow passing through it. The inner fuehfilmer 4 
consists of a sleeve 1 0 fitted over the tube 8 to form an 
annular channel 11 between the two through which a 
supply of fuel flows from a supply channel 12 to an an- 

30 nular injector port 13 fitted with swirler blades 14. The 
flow of swirling air from the tube 8 passes the fuel injec- 
tor port 13 and mixes with and atomises the fuel spray, 
and the resulting spray of fuel and air is directed by virtue 
of the swirl as a conical spray with a re-circulating flow 

35 pattern in a central main combustion zone M shown in 
Figure 2. Typically, the swirler blades 9. 1 4 are set at an 
angle of 45 degrees to give a spray cone of 90 degrees. 
[0011] The intermediate axial air filmer 5 is formed by 
a tube 17 mounted around the sleeve 10 by axial vanes 

40 1 8 so as to form an airflow channel that delivers an axial 
flow, of air that converges on the profile of the spray pro- 
duced by the inner air swirler 3. The intermediate air film- 
er may also incorporate swirler blades that produce a 
low swirl so that the resulting air curtain still converges 

45 on the profile of the spray produced by the inner airswirl- 
er. At the extreme, if the swirler blades of the interme- 
diate airfilmer were set at a swirl angle greater than that 
of the blades of the inner air swirler, then the respective 
air flows would diverge and the air curtain would have 

50 less of a containing effect on the inner recirculation 
zone. 

[0012] The outer air swirler 6 is formed by a tube 19 
around the tube 17 with swirler blades 20 between the 
two so as to swirl the flow of air passing through it. The 
55 outer fuel filmer 7 is formed by a sleeve 21 around the 
tube 1 9 that forms an annular channel between the two 
through which a supply of fuel flows from a supply chan- 
nel 22 to an annular injector port 23 fitted with swirler 
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blades 24. The flow of swirling airfrom the tube 19 pass- 
es the fuel injector port 23 and atomises the fuel" to pro- 
duce a conical spray which flows radially outwardly, as 
shown in Figure 2. Typically, the swirler blades 20, 24 
are set at an angle of 70 degrees to give a wide spray 
cone of 140 degrees which flows radially outwardly to 
the combustor side wall 27, and recirculate in the outer 
annular zone P shown in Figure 2. which is a pilot com- 
bustion zone. The pilot combustion zone P is supplied 
with a relatively small continuous flow of fuel whereas 
the main combustion zone is supplied with a greater flow 
of fuel, which may vary and be discontinuous. 
[0013] As an optional feature, the injector may have 
an outermost air swirler 28 comprising a short sleeve 
fitted over the outer sleeve 21 with swirler blades 30 
therebetween, typically set at an angle of 70 degrees. 
This produces a further swirling flow of air which flows 
outwardly with the spray into the annular pilot combus- 
tion zone P. 

[0014] It will be appreciated that the axial flow of air 
produced by the intermediate air filmer 5 flows forwards 
and converges with the inner fuel and air spray and 
tends to form an air curtain which continues this spray 
in the central main combustion zone M and separates it 
from the outer spray in the annular pilot combustion 
zone P. This separation of the combustion zones can be 
measured using a collection tube rake arrangement 
which samples the fuel flux in the combustor, and the 
results shown in Figure 4, illustrate the separation be- 
tween the two combustion zones M and P. Graph A 
shows the fuel flux for fuel supplied by the inner fuel film- 
er 4 alone, graph B shows the fuel flux for fuel supplied 
by the outer fuel filmer 7 alone, and graph C shows the 
fuel flux when fuel is supplied equally by both the inner 
and outer fuel fiimers. 

[0015] In the illustrated embodiment, the nozzle 2 of 
the injector is supported at the end of an arm 31 which 
serves as a fuel supply conduit carrying the two sepa- 
rate supplies 12 and 22. The nozzle is located in an air 
stream as shown in Figure 2 so that air is supplied to all 
of the air swirlers 3. 6. 28 and axial air filmer 5. 
[0016] In a preferred example, the combustion zone 
P acts as a combustion zone for pilot operation, and the 
combustion zone M acts as the main combustion zone, 
each being fuelled accordingly. Because the pilot com- 
bustion is located outside the main combustion zone it 
is considerably easier to ignite than would be the case 
if it were located within the main zone. 
[0017] Spraying fuel into separate zones of an engine 
combustor. allows fuel placement to be varied over dif- 
ferent engine operating conditions, for example, using 
a first zone with a wide spray distribution and a tight re- 
circulation flow pattern near the injector for pilot opera- 
tion, and using a second zone with a long narrow re- 
circulation flow pattern on the combustor centre-line for 
the main fuel supply under full load operation. The fuel 
spray in the first zone for pilot operation can be opti- 
mised forgood ignition and good handling performance. 


and the fuel spray in the second zone for main operation 
can be optimised forgood emissions performance. Be- 
tween the pilot and main operating conditions, the two 
sprays can be controlled to allow combustion optimisa- 

5 tion throughout the operating envelope of the engine. 
[0018] Fuel injection in the first zone can be enriched, 
and fuel injection in the second zone correspondingly 
weakened so as to ensure combustion stability under 
rapid deceleration conditions when the fuel supply may 

10 be cut down to an idle level while the airflow is momen- 
tarily maintained and could result in flame extinction. 
Control of fuel placement such as is offered by the in- 
vention is especially beneficial for aero engines which 
operate at high pressure, temperature and turndown ra- 

15 tio. where the ratio between maximum and flight idle 
conditions is extreme. However, injectors according to 
the invention are also applicable to any liquid-fuelled 
gas turbine including military or civil aerospace turbo- 
fans with kerosene injection, marine and ground-based 

20 gas turbines with diesel or kerosene injection. 

Claims 

25 1. An air blast fuel injector comprising inner and outer 
fuel injection ports (1 3 and 23), and first and second 
air swirlers (3. 6, 28) associated with the inner and 
outer fuel injection ports ( 1 3 and 23) to direct air and 
fuel sprays into inner and outer recirculation zones 

30 (M and P), characterised in that the outer zone is 
arranged to be a pilot combustion zone (P) and the 
inner zone is arranged to be a main combustion 
zone (M): 

35 2. An injector according to Claim 1, characterised in 
that the first air swirler (3) is located inside the inner 
fuel injection port (13) and the second air swirler (6) 
is located inside the outer fuel injection port (23). 
and that an intermediate air filmer (5) is located be- 

•*o tween the inner fuel injection port (13) and the sec- 
ond air swirler (6) arranged to produce an interme- 
diate curtain of air separating the air and fuel mix- 
tures in the two zones (M and P). 

45 3. An air blast fuel injector comprising inner and outer 
fuel injection ports (13 and 23). and first and second 
air swirlers (3 and 6) associated with the inner and 
outer fuel injection ports to direct air and fuel sprays 
into inner and outer recirculation zones (M and P), 

50 characterised in that the injector includes an inter- 
mediate air filmer (5) between the inner and outer 
fuel injection ports (13 and 23) arranged to produce 
an intermediate curtain of air separating the air and 
fuel mixtures in the two zones (M and P). 

55 

4. A fuel injector according to Claim 2 or 3. character- 
ised in that the intermediate air filmer (5) is located 
between the inner fuel injection port (13) and the 
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second air swirler (6). 

5. A fuel injector according to any one of Claims 2 to 

4, characterised in that the intermediate air filmer 

is an axial air filmer (5). 5 

6. A fuel injector according to any one of Claims 2 to 

5, characterised in that the intermediate air filmer 
(5) is arranged to produce a low swirl compared with 
that of the inner air swirler (3). 10 

7. A fuel injector according to any one of the preceding 
claims, characterised in that the injector includes 
an outer air swirler (28) located outside the outer 
fuel injection port (23). 

8. A fuel injectoraceording to any one of the preceding 
claims, characterised in that the inner fuel spray 
is arranged to have an angle of substantially 90°. 

20 

9. A fuel injector according to any one of the preceding 
claims, characterised in that the outer fuel spray 
is arranged to have an angle of substantially 140°. 

25 


30 


35 


40 


45 


55 


EP 1 199 522 A2 



EP 1 199 522 A2 



EP 1 199 522 A2 


_-.tr <d 


CO 


LL 


0> 


s8 


o 

CT> 


o 
r- 


U o 

to 


_ o 

CO 


o 

00 


o 

I s - 


o 

CD 
—t— 


o 

ID 


o 

— i— 


o 

CO 

— I— 


o 

CM 
— t— 


p9p9|lOQ lUJ 


_ O 


0) 

C 
< 


1-9 £ 


(19) 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 


(id EP 1 199 522 A3 

EUROPEAN PATENT APPLICATION 


(P>P>) Date of Dublication A3' 

(^\ \n*r\7- F?^R F?^R 

\d \ / mi ui. r^orx oi i*r, r^on 0/0*+, 


F23D 11/10 

Date of nublication A2" 


94 04 ?00? Rullptin 7002/17 


(21) Application number: 01308860.4 


C22^ Date of filinn 18 10 2001 

1 ZL. I l •/ CI \y 1 Mill 1 V.J . 1 V/ • 1 \J m \J W 1 


(84) Designated Contracting States: 

(72) Inventors: 

Al BE CH OY UE UK to hi rK bb bK It 1 1 LI LU 

• Brundish, Kevin David 

MCNLPTSETR 

Ash Surrey GU12 6LS (GB) 

■ . Designated Extension States: 

♦ Morgan, Leigh Christopher 

ALLTLVMKROSI 

Burnley, Lancashire BB12 0TN (GB) 


• Wheatley t Alan Joseph 

(30) Priority: 20.10.2000 GB 0025765 

Barnoldswick, Lancashire BB18 6UG (GB) 

(71) Applicants: 

(74) Representative: Flint, Jonathan McNeill 

• AERO & INDUSTRIAL TECHNOLOGY LTD. 

765 Finchley Road 

Burnley, Lancashire BB1 1 4BX (GB) 

London NW11 8DS (GB) 

• Qinetiq Limited 


Farnborough, Hampshire GU14 0LS (GB) 



(54) Fuel injectors 

(57) A duplex fuel injector has concentric arrange- 
ment of an inner air swirler 3, an inner fuel injection port 
13. an intermediate axial airfilmer 5, a second airswirler 
6. an outer fuel injection port 23 and an outer air swirler 


28. The intermediate air filmer 5 produces a curtain of 
air separating an outer air and fuel spray from an inner 
air and fuel spray The outer spray is used in a pilot com- 
bustion zone P whereas the inner spray is used in a main 
combustion zone M. 
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